Mouth-to-mouth resuscitation is believed to be a quick, effective method for providing oxygen to a victim. The International Guidelines of 2000 have recommended reducing the risk of gastric inflation during mouth-to-mouth ventilation by delivering slow breaths at the lowest tidal volume that would still raise the chest visibly with each ventilation. For mouth-to-mouth ventilation in most adults, the tidal volume would be approximately 10 ml/kg (ca. 700-1000 ml). It should be delivered over 2 s. Can however, an appropriate amount be blown in even if there is no special instruction when an untrained citizen suddenly encounters an accident? We investigated the mean tidal volume during mouth-to-mouth resuscitation by untrained citizens, and it was ca. 800 ml, which corresponds to the recommended value of the current guidelines. In the mouth-to-mouth resuscitation, the composition of the expired air that the rescuer administers to the victim was PO 2 and PCO 2 of 115±1 mmHg and 32±1 mmHg when the tidal volume was 500 ml. When the tidal volume was 1 l, PO 2 and PCO 2 were 120±1 mmHg and 29±1 mmHg, respectively (N=10). Moreover, when the ventilation experiment was done to the animal (beagle), the following results were shown (N=7). The amount of ventilation was ca. 20 ml/kg, and 12 breaths per minute. In addition, arterial PaO 2 , PaCO 2 , and pH were measured. Consequently, after mouth-to-mouth ventilation, PaO 2 decreased to 71±1 mmHg (normal value = 95-100 mmHg), PaCO 2 increased to 54±2 mmHg (normal value = 40 mmHg), and the pH became 7.27±0.02. To improve the respiratory state after mouth-to-mouth ventilation, we developed a new Portable Ventilation System (PVS) to the improve ventilation efficiency and to alleviate the risk of infectious disease. By using PVS, the composition of inflow air of the mouth-to-mouth ventilation by rescuers was PO 2 139±2 mmHg and PCO 2 15±1 mmHg (N=10), when the tidal volume was 500 ml and PO 2 and PCO 2 were 131±2 mmHg and 19±1 mmHg, respectively when the tidal volume was 1 l (N=10). This ventilation experiment was performed on animals (beagle). After artificial ventilation with gas made by PVS, changes of arterial PaO 2 , PaCO 2 and pH were improved to 84±2 mmHg, 46±1 mmHg, and 7.37±0.01, respectively (N=7). Consequently, results showed that the ventilation efficiency of the new PVS was higher than that for mouth-to-mouth ventilation.
I. INTRODUCTION
Fifty years since the introduction of modern cardiopulmonary resuscitation (CPR), we have witnessed many advances for respiratory arrest victims.
Many studies [1] [2] [3] [4] have shown that mouth-to-mouth resuscitation is better than mouth-to-airway methods of artificial respiration with the chest-pressure arm-lift methods. In the 1960s, it was shown that the above mentioned points are important aspects for resuscitation. [5] [6] [7] In the resuscitation, the importance of early artificial respiration is clear. When artificial respiration is delayed or when other proper care (CPR, AED, etc.) is not at hand, the so-called "Chain of Survival" is broken. The actions taken during the first few minutes of an emergency are critical to a victim's survival.
Resuscitation consists of basic life support (BLS) at the accident site and advanced life support (ALS) in the hospital. Artificial respiration by the bystander is an important part of BLS. The BLS that commences over 4 min after an accident is called Late BLS. The ALS that commences over 12 min after the cardio-respiratory arrest is called Late ALS. Eisenberg et al. 8 reported that both Late BLS and Late ALS are fatal. In Seattle, U.S.A., the survival rate of patients who were administered BLS by a bystander within 4 min from an accident was 43%. In contrast, the survival rate of patients in late BLS more than 4 min after an accident was 21%. These results emphasize the importance of bystander CPR.
However, citizens, even physicians, and nurses are reluctant to perform mouth-to-mouth ventilation. [9] [10] [11] [12] [13] [14] [15] [16] The most commonly stated reason for not performing mouth-to-mouth ventilation is fear of infectious diseases.
The perceived risk of disease transmission during CPR has reduced the willingness of some laypersons to initiate mouth-to-mouth ventilation to unknown victims of cardiac arrest. If the rescuer is unwilling or unable to perform mouth-to-mouth ventilation, manual ventilation equipment such as a bag-mask system with valves or a mouth-to-mask can be used, but they are not easy to use for unskilled users.
For artificial respiration, an appropriate removal competence of carbon dioxide from the blood and an ability to add appropriate oxygen to arterial blood are required. Therefore, the discussion about the appropriate tidal volume in artificial respiration has continued for a long time. [17] [18] [19] [20] [21] [22] A new international guideline was introduced based on previous recommendations. [23] [24] [25] [26] [27] [28] [29] The 1992 ECC Guidelines 30 recommend that adult rescuers breathe a tidal volume of 800-1200 ml, delivered over 1-2 s. International Guidelines of 2000 recommended that to reduce the risk of gastric inflation during mouth-to-mouth ventilation by delivering slow breaths at the lowest tidal volume that would still raise the chest visibly with each ventilation. For mouth-to-mouth ventilation in most adults, this volume would be approximately 10 ml/kg (ca. 700-1000 ml) and should be delivered over 2 s. We developed a novel portable ventilation system (PVS) that bystanders can use quickly and effectively, compared to the mouth-to-mouth method in human and animal experiments.
The present PV systems are comprised of the following four parts as shown in Fig. 1 : (a) a mask, (b) an intake and exhaust integrated valve, (c) a bellows, and (d) a mouthpiece. The bellows play the role of a "dead space" to provide more fresh-air content than mouth-to-mouth ventilation to patients (see Fig.1-(c) ).
The integrated valve also contributes to fresh air ventilation.
As the bystander inspires air from the mouthpiece, room air is taken into the bellows through the intake portion of the integrated valve (see Fig.2 
-a).
When the bystander expires, mixed air of the expired gas and room air would be provided for patients through the exhaust part of the integrated valve (see Fig.2 -b). Expired gas from the patients is discharged separately by the integrated valve (see Fig.2 -c). This system allows for efficient and sanitary ventilation. 
II. EXPERIMENTAL METHOD
In practical situation such as disastens, the participation of untrained bystanders in BLS is important. So present experiments enrolled volunteers who had no experience in emergency resuscitation.
II-A. Investigation of mean tidal volume whenusing mouth-to-mouth resuscitation or PVS by untrained citizens
This experiment enrolled volunteers (18 males, 11 females) who had no experience in emergency resuscitation. The amount of the expired air that the general citizens blew into the patient was investigated when there was neither knowledge nor instruction concerning the revival.
Minimum information (open the airway, tilt the head back, and provide rescue breathing) was given to volunteers. In addition, volunteers were made to perform artificial respiration by mouth-to-mouth breathing. In that case, there was no guidance as to the amount of ventilation. Volunteers were directed to perform artificial respiration 12 times per minute (one breath every 5 s). The amount of the expired air was measured using a flow meter and training aids (Ambu). A similar experiment was done using PVS. II-B. Comparison of gas composition of expired air between mouth-to-mouth ventilation and the PVS This study was done to examine gas composition of the expired air when mouth-to-mouth ventilation was done. In addition, a similar experiment was done using PVS. The volunteers consisted of five men and five women. All were healthy adults. PO 2 and the PCO 2 of expired air were compared for mouth-to-mouth breathing and PVS ventilation. The expired air was gathered with mouth-to-mouth resuscitation as recommended in the International Guidelines 2000. However, a gathering method was devised for an impartial sampling shown in Fig.3 . Under the procedure shown in Fig. 3 , mouth-to-mouth and PVS ventilation were performed alternately. Each amount of expired gas was sampled separately in an air bag for PO 2 and PCO 2 analysis by OSCAR. 
II-C. Comparison of effects on arterial bloodgas between mouth-to-mouth ventilation and PVS in beagle dogs
Incubated and venous anesthetized beagles (females n=7 mean weight = 9.5 kg) controlled by a mechanical ventilator were used for the experiment. Ventilation was controlled using a respirator, and the direction to breathe in 12 times a minute (one breathe every 5 s). The amount of ventilation was approximately 20 ml/kg. Inspired gas was changed in the following order; (1) room air, (2) gas that corresponded to the expired air of the mouth-to-mouth ventilation, and (3) gas that corresponded to the expired air of the PVS. Animals were ventilated continuously for 12 min for each gas and 1 ml of arterial blood was sampled every 3 min.
Sampled blood was analyzed quantitatively for PaO 2 , PaCO 2 , pH, BE, and SO 2 using Portable Clinical Analyzer i-STAT.
III. RESULTS III-A. Mean tidal volume when using mouth-to-mouth ventilation or PVS by untrained citizens
The volume of expired air that the resuscitation-inexperienced citizens blew into the victim by mouth-to-mouth ventilation was 700-1000 ml (mean 840±150 ml). Similarly, the amount of expired air that the inexperienced citizens for the resuscitation blew in to the victim by PVS was 600-900 ml (mean 740±130 ml) (see Table 1 ).
III-B. Comparison of gas composition of expired
air between mouth-to-mouth ventilation and the PVS By mouth-to-mouth ventilation, when the tidal volume of the expired gas was 500 ml, PO 2 and PCO 2 were 115±1 mmHg and 32±1 mmHg, respectively (N=10) and when the tidal volume was 1 l, PO 2 and PCO 2 were 120±1 mmHg and 29±1 mmHg, respectively (N=10). Artificial respiration that uses PVS allows the rescuer to send the victim the following composition of gas. When the tidal volume was 500 ml, PO 2 and PCO 2 were 139±2 mmHg and 15±1 mmHg, respectively (N=10) and when the tidal volume was 1 l, PO 2 and PCO 2 were 131±2 mmHg and 19±1 mmHg, respectively (N=10). When the tidal volume was adjusted to 800 ml average tidal volume obtained above, PO 2 and PCO 2 of expired gas with mouth-to-mouth methods were 118±1 mmHg and 30±1 mmHg, respectively and by the PVS, PO 2 and PCO 2 were 134±2 mmHg and 17±1 mmHg, respectively (see Fig.4 and 5) .
III-C. Comparison of effects on arterial blood gas between mouth-to-mouth ventilation and PVS
In beagles, mouth-to-mouth ventilation decreased PaO 2 to 71±1 mmHg (normal value = 95-100 mmHg) and increased PaCO 2 to 54±2 mmHg (normal value = 40 mmHg), and the pH became 7.27±0.02. Similarly, after artificial respiration using PVS, changes of PaO 2 , PaCO 2 , and pH were suppressed as mean 84.0±2 mmHg, 46±1 mmHg, and 7.37±0.01, respectively (N=7) (see Fig.6-8) .
IV. DISCUSSION
The need for new methods of CPR is not limited to adults with acute coronary syndrome (ACS) and strokes. Many victims of trauma, drowning, electrocution, suffocation, airway obstruction, drug intoxication, and the like may be saved by prompt CPR, and an automated external defibrillator (AED). Prompt bystander CPR is crucial to all resuscitative efforts. 31, 32 Victims' lifesaving rate out of the hospital vary widely in reports around the United States, in large metropolitan areas such as Chicago and New York, which have low rates of bystander CPR and longer call-to-shock intervals, of less than 5%. 33, 34 For mouth-to-mouth ventilation in most adults, the inflation volume would be ca. 10 ml/kg (ca. 700-1000 ml) and should be delivered over 2 s. However, it was not known how much volume was inspired by citizens doing artificial respiration without using a flow meter. Our data shows that both average tidal volumes to the victim for whom the citizens had used mouth-to-mouth resuscitation or PVS were approximately 800 ml (Table 1) and this is consistent with the recommended value of the current guidelines.
Our new PV system reduced PCO 2 in expired gas by 40% (See Table 2 , Figs. 4 and 5) and this is reflected in the animal data of the mean PaCO 2 of blood gas analysis in the PVS, which was smaller by 8 mmHg than that in a mouth-to-mouth equivalent gas condition. Mean PaO 2 of blood gas analysis in the PV system was greater by 13 mmHg than that of the mouth-to-mouth equivalent gas condition (See Table 3 , Figs. 6-8 ). These results show that the unfavorable effect of the mouth-to-mouth ventilation exerted on the living body is unexpectedly large and the. PVS can suppress this effect. The PVS has also the advantage of alleviating the risk of infectious disease. In addition to this ventilation efficiency of PVS over mouth-to-mouth ventilation, the PV system with artificial dead space will provide effective ventilation with easy operation for untrained bystanders. 
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